Nest site choice of birds has the potential to affect predation rates on nests and reproductive success for many bird species, and is thus tied closely to fitness. Vegetation at a particular site influences concealment (and predation rate as a result). Research has shown that birds of various species base nest site choice on variables like nest height, and especially vegetation cover within the microhabitat around a site. I studied nest site choice in ground-nesting birds, which tend to experience high predation rates near the nest site, and therefore might be expected to be particular choosy about vegetation near the nest. I used Spotted Towhees (Pipilo maculatus) nesting in Lesser Park in Portland, OR, as a model species for ground-nesting birds. I compared Spotted Towhees nest sites (n = 15) to both randomly-chosen sites within 10 m of the nests (n = 15; random territory sites) and other randomly-chosen locations throughout the park (n = 25; random park locations) to test whether vegetation structure and floristic composition differed. I measured (1) vegetation height and density near the nest, (2) size and spacing of trees around nests, and (3) floristic composition of vegetation near nests. I found that nest sites and both categories of random sites had dense and equal amounts of vegetation near ground level (0-20 cm above ground), but that nest sites had more vegetation between 21-40 cm and 61-100 cm above ground than random locations. However, there was no evidence that the structure of the tree community or species composition differed between nest sites and random locations.
Introduction
Nest site choice can be a crucial factor in determining the reproductive success of birds (Clark et al. 1983 , Holway 1991 , Pleszczynska 1978 . Nest site suitability is thought to be affected primarily by microclimate and predation risk (Holway 1991) . Predation risk is critical because predation is the main source of nest loss in most bird species, accounting for an average of about 80% of nest failures (Martin 1993b) . Vegetation in the microhabitat around the nest is therefore important because of its potential to influence the likelihood that a predator will locate a nest.
For example, vegetation density around the nest (and therefore nest concealment) has been found to influence predation rates (Martin & Roper 1988 , Borgman & Conway 2015 , Schill & Yahner 2009 ). Vegetation can be particularly important for ground-nesting birds, as they tend to have especially high predation risk (Ricklefs 1969 , Solis & De Lope 1995 but see Martin 1993a ).
Ground-nesting birds are particularly poorly represented in urban habitats (Hedblom and Söderström 2010) and a possible explanation may be that inadequate vegetation cover at ground level precludes successful nesting.
The floristic composition of vegetation may also be an important determinant of nest site choice. For instance, Martin & Roper (1988) showed that nest success of Hermit Thrushes (Catharus guttatus) was highest for nests placed in and when surrounded by small white fir (Abies concolor) trees than when surrounded by trees of other species. The presence of native or nonnative vegetation species can also influence site choice. Birds may be drawn to exotic species if their leaves emerge earlier in spring (Schmidt &Whelan 1999 , Remeš 2009 or if branch architecture facilitates nest placement (Schmidt & Whelan 1999) . However, success is often lower for nests placed on or near exotic vegetation (Schmidt &Whelan 1999, Borgmann & 
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Roldewald 2004, Lloyd & Martin 2005 , Remeš 2009 ). The reasons are varied, but lower nest height (Borgmann & Rodewald 2004 ) and absence of thorns on some exotic species (Schmidt &Whelan 1999) have been suggested as explanations.
Spotted Towhees (Pipilo maculatus, hereafter referred to as towhees) are a common species of ground-nesting passerine. Like many ground-nesting species, predation is the main source of nest mortality (Small 2005) , and nest concealment is an important factor influencing nest predation risk. This makes it likely that vegetation in the nest microhabitat should be an important factor influencing choice of nest sites by female towhees. However, it is not clear that towhees exhibit active choice of nest sites or instead select a territory within which they randomly place their nests (Bartos Smith & Greenlaw 2015) .
Here I describe the physical and floristic structure of nest sites used by towhee in an urban park in Portland, OR, USA to evaluate whether active nest site choice occurs. I compared nest site microhabitats to the microhabitats of random sites located in the same territory within 10 m of the nest and to other random sites throughout the study area in an attempt to identify vegetation-related factors that might influence towhee nest site choices. I included both structural and floristic aspects of nest microhabitat, and in particular, examine the potential importance of exotic plants on nest site choice. English holly (Ilex aquifolium), English ivy (Hedera helix) and Himalayan blackberry (Rubus armeniacus) are particularly pernicious invasive plants in Portland's parks, including the park in which I conducted my research. My goals were thus to (1) quantify the structural nest microhabitat of towhees, (2) at a larger scale, describe the tree community in the immediate area around the nest, (3) assess the extent to which exotic vegetation occurred at nest sites, and ultimately, (4) determine if towhee nest sites, random
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At each site, I found the average vegetation density around the site, and identified the most dominant ground cover species surrounding the site. Additionally, I collected the number of contacts made with woody stems near the site. Finally, I found the Diameter at Breast Height (DBH, 1.37 meters up from the base of the tree), distance to, and species of eight nearby trees.
All of these factors were used to compare nest sites to random sites near the nest, and to other random sites. Towhees are distributed from southwestern Canada through the western United States and south into parts of Mexico and southwestern Guatemala. In Oregon, they are year-round Nesting Microhabitat Use by a Ground-nesting Songbird 6 residents. Towhees are socially monogamous, and breed in areas with dense, shrubby undergrowth. Multi-brooded, they typically lay 3 to 4 eggs/clutch, and attempt at least two clutches per season, but can successfully raise up to three broods per season (Bartos Smith et al. 2012 , Shipley et al. 2013 . Two of the primary factors affecting towhee reproductive success in Portland parks include predation and food abundance (Bartos Smith et al. 2012) . Predation is the main reason why over 50% of nests fail. However, nestling starvation tends to occur more often in nests found in the interior of parks and this appears to be because food is more abundant near park edges.
Methods

Study System
Lesser park and towhees were selected for this study in part because research had been conducted in this area and on this species (Smith et al. 2016 , Shipley et al. 2013 and thus the system is well known. Additionally, and despite the general low abundance of ground nesting birds in urban areas (Hedblom and Söderström 2010), towhees are one of the more abundant bird species in Portland's parks and greenspaces. Towhees thus provide a very tractable system that can serve as a model for studying the ecology of ground-nesting and ground-foraging species in urban environments, an ecological group identified as one in need of further study (Chamberlain et al. 2009 ).
Field methods
Nest searching began in early April, 2016, and continued through early July. Towhee nests are placed on the ground and are typically difficult to find. Hence, most nests were discovered by watching females in nest building as they carried nest material back to nesting locations, while a few were detected by accidentally flushing females while they incubated eggs.
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The locations of the 15 towhee nest discovered were marked with GPS, and a small numbered flag located several meters from the nest. To quantify the microhabitat of each towhee nest site (TNS), I modified methods described initially by James (1971) and subsequently used in many studies. Primarily, this involved identification and measurement of the vegetation around each nest site (see below). I also collected identical data for a second spot (random territory site: RTS) on the same territory and located in a random direction (north, south, east or west) and distance (between 1 and 10 m) from the TNS. All directions were found using a compass, and random distances and directions were generated with random number generation software (Haahr 2016). RTS were located so that no spatial overlap occurred between them and the TNSs. To quantify shrub level vegetation, I held a 50 cm stick at breast height while walking a 5 m transect across the site in north-south and then east-west directions with the site as the center of the transect. I recorded the number of times the stick made contact with woody stems. Woody stems included all branches/stems with a thickness ≤ 2.54 cm. I also identified the species that the stick made contact with. Finally, for each site I also identified the species and recorded the distance to and diameter breast height (DBH) of the two closest trees to the sample point that occurred in the northeast, southeast, southwest, and northwest directions from the site. My purpose in quantifying tree community structure around points was to assess the degree to which towhees discriminated among habitats at a scale above the nest microhabitat.
Analyses
To quantify vertical structure I summed the number of 10 cm sections of the horizontal bar that contacted vegetation over the six measurements made at 60 o intervals (maximum possible = 30) for all five heights above ground (0.2, 0.4, 0.6, 0.8 and 1.0 m). For purpose of analysis, I
combined the totals for 0.6, 0.8 and 1.0 m because contacts above 0.4 m were uncommon and usually zero. To examine relative amounts of native and non-native ground cover at the different sites, native vegetation was combined into one category, while non-native vegetation was examined on a per-species basis. Prior to analysis all variables were examined graphically to identify potential outliers and assess the degree to which they conformed to assumptions of normality. Those exhibiting non-normal distribution were transformed as log [x+1]. 
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Results
Density and size of vegetation
Comparison of the size and density of vegetation among TNSs, RTSs, and RPS failed to detect difference in the size or spacing of trees around sample points (Table 1) . Similarly, there was no difference in shrub density (i.e., horizontal contacts at breast height; Table 1 ) or in the density of vegetation near ground level at sites (i.e, 0.2 m above the nest; Table 1 ). However, there were differences among sites in vegetation density at a height of 0.4-m and again at between 0.6 and Nesting Microhabitat Use by a Ground-nesting Songbird 10 1.0 m above ground (Table 1) . The statistically differences were driven by the lower cover at RPSs compared to RTSs. TNS did not differ from either RTSs or RPSs.
Species of vegetation
I compared, using ANOVA, contacts made at the ground, shrub, and tree levels among site types.
There was no difference in horizontal contacts at breast height within 2.5-m of the site for any of the species, except for a marginally significant difference in amount of English holly and Himalayan blackberry; TNSs tended to have more blackberry while RPSs tended to have more holly ( Table 2 ). The potential difference in blackberry was questionable as only 2 of 15 territory sites yielded blackberries, but differences in English Holly were likely real as 8 of 25 RPS contained English Holly whereas only 1 of 15 TNSs and RTSs did so (X 2 = 5.88, df = 2, P = 0.053). There was also no difference in the number of each tree species found at the different site type, or the number of quadrants in which each species was the dominant ground cover. In particular, English Ivy was no less common at TNSs that at RPSs or RTSs (Table 2 )
Correlation among microhabitat variables and principal component analysis
Three of 15 correlations among microhabitat variables were statistically significant while three more were marginally significant (Table 3) . Not surprisingly, distance from the point to trees was greater when individual trees were large. In addition, density of vegetation at 0.2 and 0.4 m above ground, and then again between 0.4 and 0.6 to 1.0 m, were positively correlated (Table 3) .
Results of PCA of the same six vegetation-related variables reported in Table 3 are summarized in Table 4 . Principal component 1 (PC1) and PC2 were considered informative because the eigenvalue of both exceeded 1.0, and together they accounted for just over 50% of the variation in microhabitat structure among sites. PC1 alone accounted for a little over a third 
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Discussion Factors impacting nest site choice
Nest predation is the most common cause of nest failure for birds (Martin 1993b ). Near-nest vegetation impacts predation rates (Borgman & Conway 2015) , and thus can be a factor in nest failure. In this research, one caveat is that I was only able to find relationships between vegetation and towhee site choice, and not between towhee site choice and nest success. This was mostly due to the fact that there was a limited number of nests available. It is possible that towhees that choose to nest near or away from nonnative vegetation could have differential
Nesting Microhabitat Use by a Ground-nesting Songbird 12
success, but that is out of the scope of this research. In addition, predation rates in this area were somewhat high, so it is quite possible that the most heavily depredated nests located in the worst sites were never found, meaning the sample of nests was not random.
That said, in terms of both size and proximity to the site, trees and shrubs did not seem to have a noticeable direct effect on towhee nesting site choice. Towhees are a ground-nesting species, so this may just indicate that vegetation closer to ground level greatly outweighs any impact that nearby trees would have. However, the PCA indicated that tree size and distance between the nest and nearby trees could impact choice. Both TNS and RTS were more likely to be found in areas with larger and more widely spaced trees, which could be due to indirect effects of shading from large and widely spaced trees that might allow thicker growth of understory herbaceous cover.
Likewise, the species of nearby vegetation did not seem to impact nest site choice. There were no differences found in the amounts of each species found at each site type, nor in the amount of native versus non-native vegetation. It might have been expected that towhees would avoid sites with English ivy, since it could act as an obstacle for young towhees as they leave the nest and begin to forage on the ground. However, in theory, this might be outweighed by the increased protection that nestlings could receive from dense English ivy protecting against predation. Again, since predation rates are so high for this and other ground-nesting species (Solis & De Lope 1995) , protection from nest predation might be so beneficial that it counteracts the risk of obstruction to near-nest ground foraging. In addition, since ivy was extremely common throughout the entire park, it could be that it is too difficult for towhees to find many nest sites in areas that haven't been heavily impacted by English ivy.
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On the other hand, density of vegetation in the area 0.4 to1.0 m above the nest did seem to impact towhee nest site choice. Vegetation at 0.4 m above the nest was strongly correlated with vegetation 0.6 to1.0 m above the nest, so vegetation at 0.4 m above the nest might be the primary range that towhees take into consideration. Above all else, towhees seem to value dense vegetation, possibly as a way of concealing the nest from predators. This would make sense when the relatively high predation rate found in many ground-nesting species is considered (Solis & De Lope 1995) .
Judging by these results, it seems that predation rates are a far more important factor than food availability in terms of towhee nest site choice. Towhees are an omnivorous species, eating a range of foods that includes insects, nuts and berries (Bartos Smith & Greenlaw 2015) .
Therefore, while food availability is one factor that influences habitat choice (Connor et al., 1986) , it may be that towhees are able to obtain food from a wide enough range of sources that nesting next to one particular food source is less advantageous than nest concealment.
Conservation implications
Proximity to urban environments is thought to impact birds in a number of ways. Urban birds could potentially experience lower predation rates due to the relative low abundance of typical nest predators, such as snakes, in urban environments (Patten & Bolger 2003) . On the other hand, urban birds could also experience high predation activity from species that are more associated with urban environments, such as domestic cats (Felis catus) (Baker et al. 2008) . It can therefore be hard to predict the difficulties birds will face in urban areas. One study by Chamberlain et al. (2009) found that passerines in urban areas tended to lay eggs earlier, have smaller clutch sizes, lower weight nestlings, and less productivity per individual nesting attempt.
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Within these urban environments, factors like habitat structure have been found to impact abundance. For example, Leston & Rodewald found that the higher relative abundance of Northern cardinals (Cardinalis cardinalis) in urban areas seemed to largely be due to density of understory vegetation (2006) . This seems to confirm that for some birds, vegetation density is one of the most critical factors influencing ability to survive urban environments.
In regards to urban towhees specifically, Bartos Smith et al. (2016) found that towhee populations seem to be fairly abundant in urban parks, and are likely self-sustaining. They speculated that towhees may able to produce more young and be relatively successful compared to other ground-nesting birds for a variety of reasons, potentially including omnivorous diet, tendency to use edge habitats, capacity for productivity, and aspects of some urban environments such as low snake abundance. This may help to establish why some ground-nesting birds in urban environments, like the towhee, are more successful than others.
My research helps to show how ground-nesting species like the towhee might respond to factors like an increase in non-native vegetation, changes in vegetation density, and changes in general species composition. While the towhees themselves are considered a species of least concern by the International Union for Conservation of Nature and Natural Resources ("The IUCN Red List of Threatened Species" 2012), other songbird populations are in decline (Askins et al. 1990 ). Nest predation is one of the leading hypotheses for why these bird populations could be declining (Robinson et al. 1995) . Thus, it is important to maintain ground cover and low shrub density for any ground-nesting birds, but especially in urban environments where ground nesting birds tend to be poorly represented (Hedblom & Söderström 2010) .
It seems that ground-nesting birds like the towhee would be much more negatively impacted by management practices that affect the density of vegetation than those that affect the Nesting Microhabitat Use by a Ground-nesting Songbird 15 species in the area (including amounts of native and non-native vegetation). Removing nonnative shrubs from an area could have negative effects on ground-nesting species that depend on shrubs for protection from predators, at least temporarily. Although some birds might benefit from the removal of nonnative species, ground-nesting species could experience increased nest predation due to a decrease in nest concealment. Restoring native shrubs to an area might be a crucial strategy for protecting these birds from nonnative shrub removal that would impact nest concealment (Donovan & Flather 2002 , Borgmann & Roldewald 2004 . 
